Introduction
============

Atypical femoral fracture (AFF) is a fracture of the distal lesser trochanter to the shaft of the femur caused by a slight external force. It has been reported that AFF occurs in osteoporotic patients on long-term treatment with bone-modifying agents (BMAs) ([@B1], [@B2]). BMAs are also widely used in cancer patients to prevent skeletal-related events due to bone metastasis, such as pathological fracture and spinal cord paralysis ([@B3], [@B4]). AFF begins with a dull or aching pain from the groin to the femur as a prodromal symptom in 70% of cases ([@B5]).

In the present case, the patient\'s bilateral groin pain was initially attributed to an adverse reaction to hormonal therapy for hormone receptor-positive advanced breast cancer with bone metastasis. However, it was later identified as a prodromal symptom of AFF after the onset of AFF.

Case Report
===========

This case was a 74-year-old woman. Her medical history included surgery for right breast cancer. When she visited us with a chief complaint of cough, multiple pulmonary nodules were noted. A histopathological examination of the nodules led to a diagnosis of recurrent breast cancer. The breast cancer was strongly estrogen receptor- and progesterone receptor-positive and human epidermal receptor (HER)2-negative. A detailed examination revealed multiple bone metastases in the thoracic spine and bilateral ribs but not in either femur. Her performance status was 1.

As first-line treatment, hormonal therapy with letrozole was started in combination with the bone-modifying agent zoledronic acid for multiple bone metastases. Then, after first-, second-, and third-line hormonal therapies, exemestane was used as fourth-line treatment. During treatment with exemestane, grade 2 limb joint pain occurred as persistent toxicity, and concurrent bilateral groin pain was also considered to be due to pain in the hip as an adverse reaction to hormonal therapy.

Treatment with zoledronic acid was continued every three weeks for three years; however, given that denosumab significantly delayed skeletal-related events compared with zoledronic acid, the first BMA was replaced with denosumab at the start of second-line hormonal therapy, and this second BMA was administered every four weeks for another three years.

After BMA therapy with zoledronic acid and denosumab for a total of six consecutive years, the patient suddenly suffered a right femoral shaft fracture while walking. A radiogram of the right femur revealed transverse fracture ([Fig. 1](#g001){ref-type="fig"}: thin arrow). Given that the fracture was caused by a slight external energy force, the fracture line was transverse, the fracture was not comminuted, and localized thickening-called a "beaking sign"-was noted in the outer periosteum of the affected lateral bone cortex ([Figs. 1](#g001){ref-type="fig"} and [2](#g002){ref-type="fig"}: arrowhead). Given these findings, we ultimately diagnosed the fracture as AFF.

![This fracture shows the complete AFF running from one side to the other of the bone cortex of the right femoral shaft, transversely, and virtually non-comminuted (thin arrow). A beaking sign is noted at the site of complete AFF (arrowhead). The lateral bone cortex of the left femoral subtrochanter is thick with a spike shape, also presenting with a beaking sign (thick arrow).](1349-7235-59-0855-g001){#g001}

Intramedullary nailing was performed immediately after the diagnosis ([Fig. 2](#g002){ref-type="fig"}). A histopathological examination of the affected bone obtained during surgery was performed as a detailed examination to determine the cause of the fracture, resulting in no evidence of breast cancer metastasis. In parallel, bone mineral density testing did not indicate osteoporosis. In this case, pain was also noted in the contralateral left groin, and a radiogram revealed a beaking sign in the left femoral subtrochanter as well ([Fig. 1](#g001){ref-type="fig"}: thick arrow). Conservative treatment was selected for the contralateral left femur. While treatment with exemestane was continued after intramedullary nailing, pain in the right hip did not occur. At present, the patient is not receiving denosumab.

![A simple X-ray image after intramedullary nailing. A beaking sign is noted at the site of complete AFF (arrowhead).](1349-7235-59-0855-g002){#g002}

Discussion
==========

In our case, it was difficult to differentiate between groin pain as a prodromal symptom of AFF and that as an adverse reaction to hormonal therapy for breast cancer. Since this differentiation can be difficult, caution should be practiced when encountering similar cases.

AFF is suggested to be associated with BMA-induced excessive suppression of bone turnover, called "severely suppressed bone turnover" (SSBT) ([@B5]), and the impaired repair and accumulation of microdamage may result in a fracture ([@B6]). The disease definition of AFF was established by the task force of the American Society for Bone and Mineral Research (ASBMR) ([@B7]). The most important feature to look for when diagnosing AFF is that the fracture affects only the area from the distal lesser trochanter to the supracondyloid of the femur. Other major features of AFF as defined by the ASBMR are fracture caused by a slight external energy force, transverse fracture line, non-comminuted fracture, complete fracture running from one side to the other side of the bone cortex, and localized thickening in the outer periosteum of the affected lateral bone cortex (beaking sign); the present case met all of these criteria. Among these criteria, beaking sign should be recognized as the only prodromal sign of AFF ([@B7]).

Ota et al. reported that AFF occurred in 8 of 64 limbs (12.5%) in breast cancer patients with bone metastasis receiving bisphosphonate or denosumab, showing that AFF is an adverse reaction to BMAs that should be evaluated with caution ([@B8]). Chang et al. reported that the median duration of BMA therapy was 5.9 years (range, 5.7-7.3 years) in breast cancer patients with bone metastasis and multiple myeloma patients who had AFF ([@B9]). Dell et al. investigated 128 patients who had AFF during bisphosphonate therapy and reported that the incidence rate of AFF was 1.78 cases/100,000 person-years after 0.1-0.9 years of treatment and 113.1 cases/100,000 person-years after 8.0-9.0 years of treatment, showing that a longer duration of BMA therapy resulted in a higher incidence rate of AFF ([@B10]). Our patient received BMA therapy with zoledronic acid and denosumab for a total of six consecutive years and may therefore have had a high risk of AFF.

Shane et al. reported that AFF began with dull or aching pain in the groin as a prodromal symptom in 70% of patients with incomplete AFF, which precedes complete AFF ([@B7]). Kharazmi et al. reported that the prodromal symptom of AFF persisted for several months to several years ([@B11]). Furthermore, Banffy et al. reported that early internal fixation surgery for incomplete AFF prior to complete AFF reduced the duration of hospital stay and patient financial burden ([@B12]), and Shane et al. pointed out the importance of detecting the prodromal symptom as a characteristic finding to prevent AFF ([@B7]).

However, it was reported that limb joint pain occurred in 13-26% of patients receiving hormonal therapy for breast cancer ([@B13]-[@B15]). In our case, multiple joint pain involving the wrist and elbow occurred as an adverse reaction to hormonal therapy, and right groin pain was therefore also attributed to hormonal therapy-induced pain in the hip. After intramedullary nailing for AFF, however, the right groin pain resolved under the same hormonal therapy regimen as the preoperative hormonal therapy regimen, indicating that the right groin pain was a prodromal symptom of AFF.

In conclusion, clinicians should recognize the difficulty of differentiating groin pain as a prodromal symptom of AFF from that as an adverse reaction to hormonal therapy before the onset of AFF. Confirmation of the beaking sign by X-ray may aid in the differential diagnosis of such cases.

**The authors state that they have no Conflict of Interest (COI).**

[^1]: Correspondence to Dr.　Nobuhiko Seki, <nseki@med.teikyo-u.ac.jp>
